The ␣B-crystallin and HspB2 genes are located Ϸ0.9 kb apart in a head-to-head arrangement in mammals. Previous experiments have shown that a truncated ؊668/؉45 ␣B-crystallin enhancer/ promoter fragment from blind mole rats (Spalax ehrenbergi), which have nonfunctional lenses, lacks lens activity and has enhanced muscle activity in transgenic mice. Here we show that the full-length mole rat ␣B-crystallin intergenic region behaves similarly in transgenic mice. A two-nucleotide mutation ( ؊273 CA3 G) in the mouse ␣B-crystallin enhancer/promoter fragment mimicking the wild-type mole rat sequence functionally converted the mouse promoter fragment to that of the wild-type mole rat promoter when tested in transgenic mice. The reciprocal mutation in the mole rat promoter fragment ( ؊272 G3 CA) did not affect its activity. Oligonucleotides from the wild-type mouse and mole rat ␣B-crystallin promoter region under study formed distinct complexes with nuclear proteins from cultured cells. The mouse mutant sequence lost binding ability, whereas the mutated mole rat sequence gained the ability to form a complex similar in size to that of the wild-type mouse oligonucleotide. Our data support the idea that blind mole rats' ␣B-crystallin promoter activity was modified during the evolution of subterranean life and shows that tissuespecific promoter activity can be modulated by changing as few as two apparently neutral nucleotides in the mouse ␣B-crystallin enhancer region, implying the importance of the context of regulatory sequences for promoter activity.
T
he ␣-crystallins (␣A and ␣B) are among the major soluble proteins of mammalian lenses (1) . ␣B-crystallin is a stressinducible, small heat-shock protein that is constitutively expressed in the lens and to a lesser extent in many other tissues, especially heart and skeletal muscle (2, 3) . An upstream, musclepreferred enhancer (Ϫ426/Ϫ259) of the ␣B-crystallin gene is essential for expression in non-lens tissues and boosts expression in the lens (4), whereas a proximal promoter fragment (Ϫ164/ ϩ44) without the enhancer is sufficient for lens-specific promoter activity in transgenic mice (5, 6) . The enhancer contains at least five cis-elements and is orientation-dependent in its influence on the ␣B-crystallin promoter in transgenic mice (7) . The proximal promoter fragment (Ϫ164/ϩ44) without the enhancer has lens-specific activity but not muscle activity in transgenic mice (5, 6) and has regulatory motifs that bind Pax 6, large Maf proteins, and retinoic acid receptors (8, 9) . In mammals, the ␣B-crystallin gene is situated in a head-to-head arrangement with the Mkbp/HspB2 (myotonic dystrophy protein kinase-binding protein/ heat shock protein B2) gene, another member of the small heat-shock protein family, with an intergenic region of Ϸ0.9 kb (10, 11) . Unlike the ␣B-crystallin gene, the Mkbp/HspB2 gene is not expressed in the mouse lens and is not stress-inducible (11) .
The adult subterranean blind mole rat (Spalax ehrenbergi) has degenerate s.c. eyes with lenses containing disorganized, vacuolated cells (12, 13) . A low level of ␣-crystallin gene expression has been detected in the eye and lens of the blind mole rat (12, 14, 15) . When tested in transgenic mice, the ␣B-crystallintruncated enhancer/promoter fragment (Ϫ668/ϩ45) of blind mole rats has little if any activity in the lens but an excess of activity in skeletal muscle relative to the corresponding (Ϫ661/ ϩ43) mouse promoter fragment (15) . However, a later report indicated that a mole rat ␣B-crystallin promoter fragment spanning the entire intergenic region between the ␣B-crystallin and the Mkbp/HspB2 genes can drive a reporter gene in the lens of transgenic Xenopus larvae (16) . This finding raises the possibility that the control elements for lens-specific promoter activity are present upstream of the truncated mole rat promoter fragment that we used in the transgenic mouse experiments (15) . Here we consider that the truncated ␣B-crystallin enhancer/ promoter fragment (Ϫ668/ϩ45) of blind mole rats lacks one or more critical DNA regulatory elements needed for lens expression. Indeed, DNA control elements might be situated at considerable distances from the crystallin gene that they regulate (17) . Moreover, similar cis-control elements are often configured with distinct spatial arrangements in different crystallin genes (18) (19) (20) (21) (22) (23) . We showed that the entire mole rat intergenic region between the ␣B-crystallin and Mkbp/HspB2 genes has low lens-promoter activity and elevated muscle activity in adult transgenic mice relative to that of the comparable mouse ␣B-crystallin enhancer/promoter fragment. We thus explored whether specific sequence changes could be found that might contribute to the low lens activities and elevated muscle activities of the blind mole rat ␣B-crystallin enhancer/promoter fragment in transgenic mice. We found, surprisingly, that a 2-nt mutation 3Ј to the known cis-regulatory motifs of the mouse ␣B-crystallin enhancer mimicking the mole rat-like sequence in that region (which is variable among mammals) abolishes lens promoter activity and elevates muscle promoter activity in transgenic mice.
Results
Mouse and Mole Rat Promoter Activities in Transgenic Mice. The blind mole rat ␣B-crystallin and Mkbp/HspB2 genes are situated head-to-head along the chromosome with an intergenic distance of 906 bp. We isolated the Ϫ968/ϩ45 fragment of the blind mole rat ␣B-crystallin gene, which spans the whole intergenic region (Fig. 1A) . The Ϫ968/ϩ45 blind mole rat sequence is 78% identical to the corresponding Ϫ959/ϩ43 mouse sequence, with 89% identity in the muscle-preferred enhancer region (Ϫ426/ Ϫ259) and 93% identity in the lens-specific promoter (Ϫ164/ ϩ44) region.
The blind mole rat ␣B-crystallin Ϫ968/ϩ45 gene sequence was subcloned upstream of the luciferase reporter gene, and its promoter activity was compared with the corresponding mouse ␣B-crystallin Ϫ959/ϩ43 gene sequence (7) . Preliminary transfection experiments were conducted with mouse ␣TN4 lens cells and C2C12 mouse myoblasts that differentiate in culture into myotubes. Although both promoter fragments showed preferential activity in the muscle cells, the ratio of mole rat to mouse promoter activity was 0.3 in the ␣TN4 lens cells and 1.8 in the differentiated C2C12 myotubes (data not shown).
We next generated transgenic mice with the mole rat Ϫ968/ ϩ45 promoter:luciferase transgene. Consistent with the transfection results, the Ϫ968/ϩ45 mole rat promoter fragment showed low lens activity but high skeletal muscle activity in four lines of transgenic mice (Fig. 1B) . The average luciferase activity generated by the mole rat intergenic promoter fragment was Ϸ100-fold less in the lens than in skeletal muscle. The lens activity of the mouse intergenic promoter fragment, by contrast, was comparable to the skeletal muscle activity in the transgenic mice. The activity of the mole rat intergenic promoter was 25-fold less than that of the mouse intergenic promoter fragment in lens and 4-fold more than that of the mouse promoter in skeletal muscle in the transgenic mice. The mole rat and mouse intergenic promoter fragment activities were comparable in the heart of the transgenic mice. The low lens activity and high muscle activity of the Ϫ968/ϩ45 mole rat promoter fragment in the transgenic mice are consistent with our previous observations made by using a truncated Ϫ668/ϩ45 blind mole rat promoter fragment (15) and establish that the tissue-specific activity of the blind mole rat ␣B-crystallin intergenic promoter fragment in transgenic mice differs from that of the mouse. As an initial step in identifying a candidate sequence contributing to the functional differences between their tissue-specific activities, we compared the mole rat and mouse sequences in the lens-specific proximal promoter and the muscle-preferred enhancer regions (21, 24) . We noted a potential regulatory sequence at position Ϫ274 to Ϫ262 in the blind mole rat immediately downstream of the muscle regulatory factor-binding element of the ␣B-crystallin enhancer ( Fig. 2A) . The Ϫ274/Ϫ262 mole rat sequence, but not its mouse counterpart, resembles the DNA recognition sequences for the Pax3 paired domain (see figure 3B of ref. 25) . This resemblance kindled our interest inasmuch as Pax3 contributes to gene expression in muscle (26) , where the mole rat ␣B-crystallin promoter is very active in the transgenic mice. The Ϫ274/Ϫ262 mole rat sequence differs from its mouse counterpart by three nucleotides, the first two of which appear critical for Pax-3 binding and bear the least sequence conservation among different species (see Fig. 2 A) . Indeed, this region is more variable than enhancer regulatory elements ␣BE-1, ␣BE-4, and ␣BE-2 and is 3Ј to all of the enhancer elements that have been identified to date (Fig. 2 A) . Because the mole rat ␣B-crystallin promoter is preferentially active in muscle, we explored the possible functional significance of the Ϫ274/Ϫ262 sequence further.
The Ϫ273 CA nucleotides in the mouse ␣B-crystallin Ϫ661/ϩ43 promoter were changed to a single G, which occurs in the mole rat promoter, and the Ϫ272 G nucleotide in the mole rat ␣B-crystallin Ϫ668/ϩ45 promoter was mutated to CA, which occurs in the mouse promoter in that region (Fig. 2B ). We named the mutant mouse promoter fragment pD3M and the mutant mole rat promoter fragment p24-3M (Fig. 2B) . The promoter activities of the mutant fragments were compared with their wild-type counterparts. Transfection experiments showed that pD3M promoter activity was similar to that of the wild-type Ϫ661/ϩ43 mouse promoter in lens cells but higher than that of the wild-type promoter in myoblasts (data not shown). Transgenic mice were made by using a pD3M:luciferase transgene, and the luciferase activity in the lens, heart, and skeletal muscle of those mice was compared with that in the corresponding tissues in 8-week-old transgenic mice carrying the wild-type Ϫ661/ϩ43 mouse promoter:luciferase transgene. As expected, the wild-type mouse promoter exhibited its highest activity in the lens (15) . The average wild-type mouse promoter activities in heart and skeletal muscle were Ϸ41% and 35% of the lens activity, respectively (Fig. 3A) . Surprisingly, pD3M promoter activity in the transgenic mouse lens was Ͻ1% of that in skeletal muscle. The pD3M mutant promoter activity was at least 100-fold less in the lens and 74-fold greater in the muscle than the wild-type promoter activity in the transgenic mice (Fig. 3A) . The pD3M mutant promoter activity was Ϸ4-fold higher in heart than the wild-type mouse promoter activity. In view of the unexpected nature of this result, the pD3M:luciferase transgene was isolated by PCR from a transgenic mouse, and the mutated region was confirmed by sequencing (data not shown). Hence, the mutation of Ϫ273 CA3G converted the mouse promoter into a wild-type mole rat promoter with respect to having little lens activity and enhanced muscle activity.
We next attempted to functionally convert the mole rat promoter into a mouse promoter by producing a corresponding site-specific mutation in the same region. A reciprocal mutant of pD3M, termed p24-3M, was generated in which the single Ϫ272 G nucleotide of the mole rat ␣B-crystallin Ϫ668/ϩ45 promoter was modified into Ϫ273 CA nucleotides similar to those existing in the analogous region of the mouse promoter (Fig. 2B) . The mutant p24-3M and wild-type mole rat promoter activities were comparable in the transfected ␣TN4-1 lens cells and C2C12 myoblasts (data not shown). In transgenic mice, the p24-3M:luciferase transgene was expressed in the lens at Ͻ1% of that expressed in skeletal muscle, which is similar to the muscle-preferred activity of the wild-type mole rat promoter (Fig. 3B) . The fact that the mole rat p24-3M mutant ␣B-crystallin promoter did not adopt a mouse-like functional activity level indicates that the Ϫ273 CA (mouse)/ Ϫ272 G (mole rat) nucleotide difference is not sufficient to account for the functional differences in ␣B-crystallin promoter activity between these two rodent species.
EMSAs. We tested whether oligonucleotides derived from the wild-type mole rat and mouse promoter sequences bind similar nuclear proteins when EMSAs are performed and whether the introduced mutations affect such binding. EMSAs were performed by using radiolabeled oligonucleotides spanning the mole rat ␣B-crystallin Ϫ285/Ϫ255 region, and nuclear extracts were used from ␣TN4-1 mouse lens cells, C2C12 mouse myoblasts, and HeLa cells. The results were similar with each extract and are shown for the C2C12 cells (Fig. 4A) . Incubation of the labeled mole rat probe with C2C12 nuclear extract produced one major complex (Fig. 4A, black arrow) . A 100-fold molar excess of unlabeled mole rat probe abolished complex formation with the labeled probe; comparable incubation with 100-fold molar excess of the analogous unlabeled mouse oligonucleotide reduced but did not abolish the radioactive EMSA band. Use of the mouse radioactively labeled ␣B-crystallin Ϫ286/Ϫ254 probe produced a weak complex that comigrated with that produced by the mole rat oligonucleotide and a major, more rapidly migrating complex ( Fig. 4A; black arrowhead) . Both mouse radioactive complexes were virtually abolished in the presence of a 100-fold molar excess of unlabeled mouse probe; by contrast, a 100-fold Fig. 4 . Nuclear protein-DNA complexes using the mole rat Ϫ285/Ϫ255 and mouse Ϫ286/Ϫ254 ␣B-crystallin oligonucleotides. (A) EMSAs were carried out by using C2C12 nuclear extracts and radiolabeled oligonucleotides spanning either the Ϫ285/Ϫ255 sequence of the mole rat promoter or the Ϫ286/Ϫ254 sequence of the mouse ␣B-crystallin promoter. A 100-fold molar excess of unlabeled competitor oligonucleotides was included as indicated. The arrow indicates the mole rat complex, and the arrowhead indicates the mouse complex. (B) EMSAs were carried out by using C2C12 nuclear extracts and radiolabeled oligonucleotides derived from wild-type mole rat and mouse and mutant mole rat (p24-3M) and mouse (pD3M) promoter fragments. Oligonucleotide sequences of the radiolabeled probes are shown below the gel images. Gray letters represent the blind mole rat nucleotides; black letters represent the mouse nucleotides. The arrowhead indicates the major complex formed with the mouse oligonucleotides, and the arrow indicates the complex formed with the mole rat oligonucleotides. (C) The radiolabeled mole rat probe was incubated with a HeLa nuclear extract and specific Sp1 or AP2 antibodies. The black arrow indicates the major complex formed by using the mole rat oligonucleotide; the white arrow indicates the supershifted complex containing anti-Sp1 antibody; and the gray arrowhead indicates a nonspecific complex that could not be competed with the unlabeled mole rat probe (data not shown).
molar excess of the analogous mole rat unlabeled probe abolished the larger complex but did not affect the formation of the smaller complex. Thus, the mouse Ϫ286/Ϫ254 promoter sequence complexes with a distinct factor(s) that does not bind the corresponding mole rat sequence, and the mole rat Ϫ285/Ϫ255 promoter sequence complexes strongly with a nuclear protein(s) that is bound weakly by the corresponding mouse sequence. We next performed EMSAs with the mutant mouse pD3M and mole rat p24-3M oligonucleotides. The pD3M oligonucleotide did not form the small complex that is characteristic of the wild-type mouse oligonucleotide (Fig. 4B) and did not compete for complex formation with the wild-type mouse probe (data not shown). The pD3M probe did form a large complex that comigrated with that produced by the analogous Ϫ285/Ϫ255 wild-type mole rat oligonucleotide (Fig. 4B) . The unlabeled wild-type mole rat oligonucleotide competed with the radiolabeled pD3M probe for formation of the large complex, consistent with the pD3M and p24-3M large complexes comprising the same proteins (data not shown). The mole rat p24-3M oligonucleotide formed a complex that comigrated with the large complex of the wild-type mole rat oligonucleotide and a complex that comigrated with the small complex of the wild-type mouse oligonucleotide (Fig. 4B) .
Finally, Pax3 does not appear to interact with the mole rat probe as was originally considered. A Pax3 consensus sequence (27) did not compete with the complex formed between mole rat probe and C2C12 nuclear extracts, and the Pax3 consensus sequence complex migrated faster than that formed by using the mole rat probe incubated in a C2C12 nuclear extract (data not shown). Initial experiments performed with HeLa nuclear extract showed that Sp-1 antibody was able to supershift the complex with the wild-type mole rat probe (Fig. 4C) . In addition, a 10-fold molar excess of the unlabeled Sp1 consensus sequence (28) abolished complex formed between the mole rat probe and C2C12 nuclear extract (data not shown). These data suggest that the mole rat oligonucleotide probe interacts with a Sp1-like protein and not Pax3.
Discussion
Blind mole rat eyes regress during embryogenesis, resulting in s.c. degenerate eyes that are compatible with the subterranean lifestyle of the mature animals (13, (29) (30) (31) . Although visually nonfunctional, the atrophied blind mole rat eye appears to have a role in controlling circadian rhythms (32, 33) . In the present study we show that, in contrast to the mouse intergenic promoter fragment, the entire intergenic region of the blind mole rat ␣B-crystallin gene shows little lens-promoter activity and has appreciable skeletal muscle activity in transgenic mice. Thus, it does not appear that cis-regulatory elements required for lens activity in transgenic mice are situated between the ␣B-crystallin and HspB2 genes upstream of the truncated enhancer/promoter fragment of the mole rat ␣B-crystallin gene that we investigated earlier (15), a possibility that was raised by transgenic Xenopus experiments (16) . Because the relative amount of mole rat promoter activity was not quantitated in the transgenic Xenopus larvae (16) , it remains possible that the mole rat promoter activity is considerably reduced in the transgenic Xenopus larval lens, as it is in the transgenic mouse lens. Alternatively, the mole rat promoter might function more effectively in the lens of transgenic Xenopus larvae than that of transgenic mice.
The present data suggest but do not prove that the loss of lens functioning and gain of muscle activity caused by the mole rat ␣B-crystallin promoter in transgenic mice represent adaptive changes in gene expression associated with evolution to adjust to subterranean life. Moreover, the previous finding (15) that the mole rat enhancer/promoter fragment functions in the transgenic mouse lens during early development correlates well with the regression of the mole rat eye during development. It remains to be shown, however, whether the tissue-specific expression pattern of the endogenous mole rat ␣B-crystallin gene is the same as the activity of its promoter in transgenic mice.
It is well known that selection on gene expression regulated by enhancers and promoters has important roles in evolution (34) (35) (36) (37) (38) (39) (40) . There have been examples showing that even a few changes in transcriptional factor binding sites can affect gene expression levels (40, 41) . Even a single nucleotide polymorphism in the promoter of the IL-4 gene, which influences the balance of cytokine signaling in the immune system, is favored in human species as a result of positive selection (42) . We show here that a 2-nt mutation ( Ϫ273 CA3G) in the mouse ␣B-crystallin enhancer/promoter fragment changes its promoter activity from that characteristic of the mouse (high lens activity and moderate skeletal muscle activity) to that characteristic of its blind mole rat orthologue (little lens activity and high skeletal muscle activity) when tested in transgenic mice. We do not know whether different nucleotides used in this location would cause comparable changes in mouse promoter activity or whether the lowering of lens activity and elevation of muscle activity are mechanistically linked. This functional conversion of promoter activity is unexpected because the mutation in the mouse promoter fragment involved two nonconserved nucleotides 3Ј to the known regulatory motifs of the mouse enhancer (8, 9, 16, 21, 43, 44) . Moreover, the mouse proximal promoter alone without the enhancer can drive modest lens-specific gene expression in transgenic mice, indicating that the mutated region is not necessary for promoter activity in the lens (5, 6) . In general, then, our results indicate that even a 2-nt change in a variable sequence stretch that is not absolutely required for tissue-specific promoter activity can, under certain circumstances, have a profound, tissue-specific effect on promoter activity. Apparently, lack of strict sequence conservation within a gene control region does not mean a priori that the region is functionally neutral and raises interesting questions as to the neutrality of any polymorphism or very short nonconserved sequence within a larger regulatory region.
In contrast to the striking conversion of the mouse ␣B-crystallin promoter to the blind mole rat pattern of tissue-specific activity by a 2-nt mutation, the reciprocal mutation changing the mole rat promoter fragment to a mouse sequence in this region ( Ϫ272 G3CA) does not affect the tissue-specific pattern of mole rat promoter activity in the transgenic mice. However, it is likely that additional nucleotide sequence and/or transfactor differences between mole rat and mouse are responsible for the loss of lens activity and gain of skeletal muscle promoter activity of the mole rat ␣B-crystallin intergenic fragment in our transgenic mouse experiments. Indeed, there are numerous stretches of sequence disparities between the mouse and mole rat enhancers (see Fig. 2 A, ␣BE-3 and MRF, for example) as well as in other areas of the fragments. Because the mole rat mutant p24-3M oligonucleotide forms the small, fast migrating complex (Fig. 4B, black arrowhead) characteristic of that of the wild-type mouse oligonucleotide but the p24-3M promoter neither activates lens activity nor decreases muscle activity, it is unlikely that absence of the small complex contributes significantly to the low lens activity or high muscle activity of the wild-type mole rat promoter. Because the mouse mutant pD3M oligonucleotide forms the large complex (Fig. 4B , black arrow), it remains possible that the large complex contributes to the reduction of lens promoter activity and/or activation of muscle promoter activity, although it is not sufficient to account for the differences in tissue-specific activities of the mouse and mole rat promoter fragments. Further studies are necessary to extend our preliminary investigation suggesting that the complex with the mole rat probe involves binding of a Sp1-like protein, a finding consistent with reports that Sp1 and Sp3 contribute to the regulation of the lens-preferred ␦-crystallin (45, 46) and MIP (major intrinsic protein) genes (47).
In summary, although our results do not establish which regulatory sequences are responsible for the differences between the tissue-specific activities of the blind mole rat and mouse ␣B-crystallin enhancer/promoter fragments in transgenic mice, they do demonstrate that a 2-nt mutation in the mouse fragment results in a functional conversion to that of the blind mole rat promoter fragment when tested in transgenic mice. Most surprising is our finding that this tissue-specific conversion of the mouse ␣B-crystallin promoter activity occurs as the result of sequence modification of two apparently neutral nucleotides that are not absolutely required for lens specificity of the mouse wild-type promoter fragment (5, 6) . This result emphasizes the importance of context within functional enhancers and promoters: Tissue-specific changes in promoter activity can occur without the modification of nucleotides comprising the known conserved cis-control elements. The ability of sequence alterations in short variable stretches of promoter regions to affect tissue-specific promoter activity increases the opportunities for independent evolutionary changes in gene expression among different animals and would be expected to contribute to diversity. Such considerations are relevant to the convergent evolution involved in recruiting the various taxon-specific lens crystallins in different species (48) (49) (50) (51) . Similar considerations of the meaning of neutrality extend to amino acid sequences of proteins, which also are separated into conserved regions with known functional significance (such as active sites of enzymes) and variable regions that are not known to be associated with functional importance. However, mutations within these variable regions no doubt often cause small changes in the ability of proteins to interact with other proteins, resulting in the development of additional functions by a gene-sharing mechanism that may be selected during evolution (see ref. 52 ).
Materials and Methods
Intergenic Regions. The Ϫ968/ϩ45 fragment of the blind mole rat (S. galili) ␣B-crystallin gene was isolated from the genome by using PCR and Phusion high-fidelity DNA polymerase (New England Biolabs, Ipswich, MA). A 5Ј primer (5Ј-TGCAGCCCCAA-CAAGCTCAGTACG-3Ј) derived from the Nannospalax ehrenbergi ␣B-crystallin gene (GenBank accession no. AJ617819) and a 3Ј primer (5-GTAGGGGGTCAGCTGGCTGGTCAG-3Ј) derived from the blind mole rat ␣B-crystallin gene (GenBank accession no. AJ293658) were used to amplify the intergenic promoter fragment. The PCR product was cloned into the pRLFL-Null vector (7) and sequenced. Intergenic sequences of human (Homo sapiens), mouse (Mus musculus), rat (Rattus norvegicus), monkey (Macaca mulatta), dog (Canis familiaris), cow (Bos taurus), and rabbit (Oryctolagus cuniculus) were retrieved from the assembled genomic sequences (www.ensembl.org/index.html). Intergenic sequences of cat (Felis catus; GenBank accession no. AJ617823) were retrieved from GenBank database.
Mutagenesis. Site-specific mutations (pD3M and p24-3M) were introduced by using QuikChange II site-directed mutagenesis kits (Stratagene, La Jolla, CA). The mutated oligonucleotide for creation of pD3M contained sequence TCGTCCTAGCTCC, and the mutated oligonucleotide for p24-3M contained TCCATC-CCAGCTCC; the italic letters denote substituted nucleotides.
Transgenic Mice. Transgenic mice were produced by the National Eye Institute's Transgenic Mouse Facility. The DNA fragment containing ␣B-crystallin:luciferase was isolated from pRLFL-␣B-crystallin by using BamHI digestion or from pGL-␣B-crystallin by using KpnI and SalI digestion. The DNA fragments were purified by using agarose gel electrophoresis, eluted by using the Geneclean kit (MP Biomedicals, Aurora, OH), purified further by using chloroform extraction and ethanol precipitation, and injected into the pronuclei of fertilized oocytes of FVB/N mice. Genomic DNAs from founder mice were screened, and positive founders were mated with wild-type FVB/N mice to obtain F 1 offspring. F 1 transgenic mice were killed at 8 wk of age, and tissues were homogenized in passive lysis buffer. Tissue homogenates were centrifuged at Ϸ10,000 ϫ g; protein concentrations of the supernatant fractions were determined by using a bicinchoninic acid protein assay (BCA; Pierce, Rockford, IL). Supernatant fractions from different tissues containing Ϸ10 g of protein were assayed for luciferase activity.
EMSAs. The following are the sequences of the oligonucleotides used in EMSAs. The italic and underlined letters indicate the mutations; the bold letters indicate additional nucleotides comprising 5Ј overhangs used for labeling. Mole rat: GATCGGAT-TCCTGACTCGTCCCAGCTCCAGAGAAC; mouse: GATCG-GATTCCAGGCTCCATCCTAGCTCCAGAGAACA; pD3M: GATCGGATTCCAGGCTCGTCCTAGCTCCAGAGAACA; p24-3M: GATCGGATTCCTGACTCCATCCCAGCTCCAGA-GAAC. Radiolabeled DNA probes were synthesized by annealing complementary strands, followed by filling-in singlestranded overhangs with dATP, dGTP, TTP, and 3,000 Ci/mmol (1 Ci ϭ 37 GBq) [␣-
32 P]dCTP (MP Biomedicals) by using the Klenow fragment of DNA polymerase I.
Nuclear extracts from cultured ␣TN4-1 lens cells, HeLa cells, and C2C12 myoblasts, and differentiated C2C12 myotubes were prepared by using a nuclear extract kit (Active Motif, Carlsbad, CA). Extracts containing Ϸ5 g of nuclear proteins were incubated with 0.05 pmol of radiolabeled double-stranded oligonucleotides in a 20-l reaction mixture of 20 mM Hepes (pH7.9)/5% glycerol/50 mM KCl/5 mM MgCl 2 /100 g/l BSA/1 mM DTT/2 g of poly(dI⅐dC). For competition experiments, nuclear extracts were first incubated with a 10-, 30-, 100-, or 300-fold molar excess of nonradioactive probe for 20 min at room temperature and then mixed with 0.02 pmol of radiolabeled probes for 30 min at room temperature. For supershift assays, the anti-Sp1 antibody (Santa Cruz Biotechnology, Santa Cruz, CA) was incubated with the nuclear extracts for 30 min on ice, followed by the addition of the radiolabeled mole rat probes. The protein-DNA complexes were resolved in 6% acrylamide gel in 0.5ϫ TBE buffer (1ϫ TBE ϭ 89 mM Tris/89 mM boric acid/2.5 mM EDTA, pH 8.3) and visualized by using autoradiography.
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